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[57] ABSTRACT
Substituted 3-ami1'10i'sydnonimines' of the formulal

R R3 ' - (D
N\ 7/
CHy—C
/ N\
A N—N C
\ VAR "
CHy—~—C N C
/ \ \ o

H
=N—R!

and their pharmacologlcally acceptable acid addltlon
salts wherein
A denotes, for example, —CHy—,
R! denotes hydrogen or the radical —COR’,
R2, R3, R4 and R5 denote alkyl with 1 to 4 C atoms
and
R7 denotes, for example, an aliphatic radical and 1 to
4 C atoms, are prepared by cyclization of a com-
pound of the formula II

R3 (D)

RZ
N/
CHy~C
-/ N\
A N-=N—CH;~-CN
N\ VAR
CHZ""'C NO

/\

and if appropriate subsequent acylation and have
useful pharmacological properties. The invention
includes pharmaceutical preparations containing
the present compounds, and the use thereof for
treating patients having cardiovascular ailments.

9 Claims, No Drawings
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SUBSTITUTED 3-AMINOSYDNONIMINES,
PROCESSES FOR THEIR PREPARATION AND
~ THEIR USE |

The invention relates to pharmaéologicaﬂy active

substituted 3-aminosydnonimines of the general formula
I

RZ R3 | A (D)
\ / |
CH;~—C
/. -\ |
A N—=N CH
N\ /| + |
CH;—C N C=N-—Rl!
/ \ \0/

and their pharmacologically acceptable acid addition

salts, wherein

A denotes the radlcal —CHz-—-_ -0-—- —-—S(O),,
—N(RS6)~— or a direct bond;

R! denotes hydrogen or the radical —COR7"

R2, R3, R4and R5denote alkyl with 1 to 4 C atoms; n the

- number 0, 1 or 2,

Rédenotes alkyl with 1 to 4 C atoms; hydroxyalkyl with
2 to 4 C atoms; or phenylalkyl with 1 to 4 C atoms in
the alkyl radical, |

R7 denotes an aliphatic radical which has 1 to 4 C atoms
and can also be substituted by alkoxy with 1 to 3 C
atoms; a cycloaliphatic radical with 5 to 7 C atoms; a
bicycloaliphatic radical with 7 to 14 C atoms; a tricy-
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cloaliphatic radical with 7 to 16 C atoms; an alkoxy

radical with 1 to 6 C atoms; an aryloxy radical with 6
to 10 C atoms; an alkoxycarbonyl radical with a total
of 2 to 7 C atoms; an aryl radical with 6 to' 10 C atoms;

or an aryl radical which has 6 to 10 C atoms and is
mono-, di- or trisubstituted by 1 to 3 halogen atoms

and/or 1 to 3 alkyl radicals with 1 to 3 C atoms and-
/or 1 to 3 alkoxy radicals with 1 to 3 C atoms and/or
1 or 2 nitro groups; and
'n denotes the number 0, 1 or 2.

The invention furthermore relates to a process for the
preparation of the compounds according to the inven-
tion and their use.

If A denotes one of the radicals —CHz—, -——0O—,
—S(0),, or —N(R%—, the radical of a heterocyclic
6-ring with one hetero atom (N) or with two hetero
atoms (N,O or N,S or N,N), which is tetraalkylated in
the manner described, is in the 3-position of the syd-
nonimine. If A denotes a direct bond, a pyrrolidine
radical which is tetraalkylated in the 2,2, ,5-position is
in the 3-position of the sydnonimine.

The number 2 is preferred for n.

Of the divalent radicals A, the preferred radicals are
—CH;—, —O— and —N(RS)—.

Hydrogen is preferred for Rl

Aliphatic radicals, alkyl radicals, hydroxyalkyl radi-
cals and alkoxy radicals can be straight-chain or
branched. This also applies if they occur as substituents
of other radicals, for example as substituents for aryl
radicals, or in association with other radicals, for exam-
ple as phenalkyl or as alkoxycarbonyl.

The alkyl radicals R2, R3, R4 and R- can be identical '

or different. As a rule, they are all the same. Straight-
chain alkyl radicals are above all suitable for R2 to R>.
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The four radicals R2, R3, R4and R’ particularly prefera- -

bly all denote methyl.

2

Alkyl with 1 to 4 C atoms is preferred for R®
Alkyl radicals with 1 to 4 C atoms are particularly
suitable as aliphatic radicals R7. The methoxymethyl

radical may be mentioned in particular as-an aliphatic

radical R7 which is substituted by alkoxy with 1to 3 C
atoms. Cycloalkyl radicals with 5 to 7 C atoms, in par-
ticular cyclopentyl and preferably cyclohexyl are

_above all suitable as a cycloaliphatic radical R’. 2,6,6-

Trimethylbicyclo[3.1.1]heptan-3-yl (=pinan-3-yl) is
particularly suitable as a bicycloaliphatic radical R’.
Tricyclo[3.3.1.137]decan-1-yl (=adamantanyl) is par-
ticularly suitable as a tricycloaliphatic radical R’. Me-
thoxy and ethoxy radicals are particularly suitable as
alkoxy radicals R7. The ethoxycarbonyl radical is par-
ticularly suitable as an alkoxycarbonyl radical R’. a- or
B-naphthyl radicals, for example, but in particular the
phenyl radical, may be mentioned as aryl radicals R’. a-
or B-naphthoxy radicals, for example, but in particular
the phenoxy radical, may be mentioned as aryloxy radi-
cals R7. The aryl radicals R’ can be mono-, di- or trisub-

stituted, but even with trisubstitution only a maximum -

of 2 nitro groups may be present, examples being 2-
methyl-4,6-dinitrophenyl and 2-chloro-6-methyl-4-
nitrophenyl. Chlorine and bromine atoms, for example,

are suitable halogen substituents for the aryl radicals.

Substituted aryl radicals R’ which may be mentioned in
particular are: methylphenyl (=tolyl), nitrophenyl and
chlorophenyl, in particular 4-nitrophenyl and 4-
chlorophenyl.

The following are preferred for R7 alkyl radicals with
to 4 C atoms, alkoxy radicals with 1 or 2 C atoms, cyclo-
alkyl radicals with 5 to 7 C atoms and phenyl. The

following are especially preferred: methyl, ethyl, iso-

35 ‘propyl, ethoxy, cyclohexyl and phenyl.

A compound of the general formula I can be pre-
pared by a process in which a compound of the general
formula II

R?2 R? (IT)
N\ /
CH;—C
/ \
A - N=—=N=-CH;—CN
N\ VA
CHy—C NO
/ \

wherein A, R2, R3, R4 and R5 have the meanings al-
ready given, is cyclized to a compound of the general
formula Ia -

RZ ‘R3 (I1a)
N\ /
CH;—C
/ \ -
A N==N CH
\CI-I c/ S NN
y N -~ C=
2’ Nps N\ /7

and this compound or an acid addition salt thereof, in
the case where a compound of the formula I with
Rl=—COR7 is to be prepared, is acylated with an
acylating agent which introduces the radical —COR7,
and if appropriate the compound thus obtained is con-
verted into a pharmacologically acceptable acid addi-

. tion salt.

The cyclization of the compound II to give the com-
pound Ia is carried out in a suitable organic or inorganic
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solvent or dispersing agent with the addition of a cycliz-
ing agent, usually at temperatures from 0° to 40° C,,
preferably at 0° to 20° C. Suitable cyclizing agents are
those which establish a pH of less than 3 in aqueous
solution, that is to say, for example, mineral acids, such 5
as sulphuric, nitric or phosphoric acid or preferably
hydrogen chloride, but also strong organic acids, such
as trifluoroacetic acid.-The corresponding acid addition
salt of the compound Ia is usually obtained in the cycli-
zation. |

Examples of suitable solvents or dispersing agents are
alcohols, in particular those with 1 to 6 C atoms, prefer-
ably those with 1 to 4 C atoms, such as, for example,
methanol, ethanol, i- and n-propanol, i-, sec.- and tert.-
butanol, n-, i-, sec.- and tert.-pentanol, n-hexanol, cyclo-
pentanol and cyclohexanol; ethers, in particular those
with 2 to 8 C atoms in the molecule, such as, for exam-
ple, diethyl ether, methylethyl ether, di-n-propyl ether,
dusopropyl ether, methyl-n-butyl ether, ethylpropyl
ether, dibutyl ether, tetrahydrofuran, 1,4-dioxane, 1,2-
dimethoxyethane and bis-3-methoxyethyl ether; oligo-
ethylene glycol dimethyl ethers, such as, for example,
pentaglyme; carboxylic acid alkyl esters, in particular
those with 3 to 8 C atoms in the molecule, such as, for
example, methyl or ethyl acetate; ketones, in particular
those with 3 to 10 C atoms in the molecule, such as, for
example, acetone, methyl ethyl ketone, methyl n-propyl
ketone, diethyl ketone, 2-hexanone, 3-hexanone, di-n-
propyl ketone, diisopropyl ketone, diisobutyl ketone,
cyclopentanone, cyclohexanone, benzophenone and
acetophenone: aliphatic hydrocarbons, such as, for ex-
ample, hexane, heptane and low- and high-boiling pe-
troleum ethers; cycloaliphatic hydrocarbons, such as,
for example, cyclohexane, methylcyclohexane, tetralin
and decalin; aromatic hydrocarbons, such as, for exam-
ple, benzene, toluene, 0-, m- and p-xylene and ethylben-
zene; halogenated aliphatic or aromatic-hydrocarbons,
such as, for example, methylene chloride, chloroform,
carbon tetrachloride, chiorobenzene, and dichloroben-
zene; hexamethylphosphoric acid triamide; sulphoxides,
such as, for cmmPlc, dimethyl sulphoxide; and water.
Mixtures of various solvents or dispersing agents, for
example water-methanol or, preferably, ethyl acetate-
methanol, can also be used.

The compounds of the formula Ia are compounds of 43
the general formula I according to the invention in the
case where R!is hydrogen..

The acylation of the compound of the formula Ia,
which can also be in the form of an acid addition salt,
for introduction of the radical R!1=—COR7 can be °
carried out in a manner which is known per se using a
suitable acylating agent of the formula III
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X=C=R7

wherein X represents a radical which can be split off
nucleophilically.

- In formula III X denotes, for example, in particular 60
halogen, preferably —Cl or —Br; —OH; —QO-alkyl, in
particular with 1 to 5 C atoms; —O-aryl, the aryl radical
being, in particular, a phenyl radical, which can also be
mono- or polysubstituted by alkyl, in particular methyl,
and/or nitro and is, for example, a tolyl, dinitrophenyl
or nitrophenyl radical, —O—CO—R7; —Q—CO--0-
alkyl, in particular with 1 to 5 C atoms in the alkyl
radical, or the radical, bonded by an N atom, of an azole
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or benzazole with at least 2 N atoms in the quasi-
aromatic 5-membered ring.

The acylation is carried out in a suitable solvent or
dispersing agent or in an excess of the acylating agent,
advantageously with stirring, at temperatures from 0°
C. up to the boiling point of the solvent or acylating
agent, in particular from 0° to 50° C., preferably 0° to
20° C.

The molar ratio between the compound of the for-
mula Ia and the acylating agent of the formula III 1s 1:1.
The acylating agent is advantageously used in a slight
molar excess. Excesses of up to 30 mol-% are as a rule
sufficient, that is to say the molar ratio between the
compound of the formula Ia and the acylating agent of
the formula III is usually 1: (1 to 1.3), preferably 1: (1 to
1.2).

If an acid 1s split off in the acylation reaction, it is
advantageous to add an acid-scavenger agent, such as,
for example, an alkali metal hydroxide, such as, for
example, sodium, potassium or lithium hydroxide, a
tertiary organic amine, such as, for example, pyridine or
triethylamine, an alkali metal carbonate or alkali metal
bicarbonate, such as, for example, sodium carbonate or
sodium bicarbonate, or an alkali metal salt of a weak
organic acid, such as, for example, sodium acetate. Suit-
able catalysts, such as, for example 4-dime-
thylaminopyridine, can also be added in the acylation
reaction.

The compounds of the formula III are acylating
agents and are thus, for example: for X=halogen, acid
halides or halogenoformic acid esters, of which acid
chloride and chloroformic acid esters are preferred; for
—OH, carboxylic acids; for —O-alkyl and —O-aryl
esters, of which the tolyl and 2,4-dinitro- or 4-nitrophe-
nyl esters are preferred; for —~O—CO—R7 anhydrides;
for —O—CO—0-alkyl, mixed carboxylic acid-car-
bonic acid anhydrides; or heterocyclic amides or azo-
lides, in particular of N,N’-carbonyldiazoles, such as,
for example, N,N'-carbonyldiimidazole, 2,2'-carbonyl-
di-1,2,3-triazole, 1,1’-carbonyl-di-1,2,4-triazole, N,N’-
carbonyl-dipyrazole and 2,2'-carbonyl-ditriazole (com-
pare, for example, H. A. Staab, M. Lucking and F. H.
Durr, Chem. Ber. 95, (1962), 1275 et seq., H. A. Staab
and A. Mannschreck, Chem. Ber. 95, (1962), 1284 et
seq.; H. A. Staab and W. Rohr, “Synthesen mit
heterocyclischen Amiden (Azoliden) (Syntheses with
Heterocyclic Amides (Azolides))” in “Neuere Meth-
oden der Praparativen Organischen Chemie (Recent
Methods of Preparative Organic Chemistry)”’, volume
0 5, Verlag Chemie, 1967, page 53 et seq., in particular
pages 05 to 69). The acylating agents of the formula III
can be prepared by processes which are known per se.

If a carboxylic acid is used as the acylating agent, it is
advantageous to add an activating agent, which has the
task of increasing or activating the acylation potential
of the carboxylic acid or of converting the carboxylic
acid into a reactive carboxylic acid derivative of the
formula I1I in situ or preferably shortly before the reac-
tion with the compound of the formula Ia. Suitable
activating -agents of this type are, for example: N,N'-
disubstituted carbodiimides, especially if they contain at
least one secondary or tertiary alkyl radical, such as, for
example, diisopropyl-, dicyclohexyl- or N methyl-N'-
tert.-butyl carbodiimide (compare Methodicum Chimi-
cum, Verlag G. Thieme, Stuttgart, volume 6, (1974),
pages 682/683, and Houben-Weyl, Methoden der Org.
Chemie (Methods of Organic Chemistry), volume 8,
(1952), pages 521/522); carbonic acid derivatives, such
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as, for example, phosgene and chloroformic acid esters,
in particular with.1 to 5 C atoms in the alkyl radical
(compare, for example, Tetrahedron Letters 24 (1983),
3365 to 3368); carbonic acid esters, such as, for example,
N,N’-disuccinimido carbonate, diphthalimido carbon-
ate, 1,1’-(carbonyldioxy)-dibenzotriazole or di-2-pyri-
dyl carbonate (compare, for example, Tetrahedron Let-
- ters, volume 25, no. 43, 4943-4946), if appropriate in the
presence of suitable catalysts, such as, for example,
4-dimethylaminopyridine. N,N'-carbonyldiazoles, such
as, for example, N,N’-carbonyl-diimidazole, 2,2'-carbo-
nyl-di-1,2,3-triazole, 1,1’-carbonyl-di-1,2,4-tnazole,
- N,N'-carbonyl-dipyrazole,

6

ner, that is to say by dissolving or suspending in water
and rendering the solution or suspension alkaline, for
example with sodium hydroxide solutlon, and subse-
quently isolating the compounds.

The starting compounds of the general formula II
required can be prepared in a manner which is known
per se by the Strecker’s aminonitrile synthesis from
compounds of the general formula IV

10

2,2'-carbonyl-ditetrazole,

N,N’-carbonylbenzimidazole or N,N'-carbonylbenz-

triazole, are furthermore suitable as activating agents
(compare, for example, H. A. Staab, M. Lucking and F.
H. Durr, loc. cit: H. A. Staab and A. Mannschreck loc.
cit.; H. A. Staab and W. Rohr loc. cit). The commer-
c:ally available N,N’-carbonyl-diimidazole is frequently
used as the N,N’-carbonyl-diazole. However, the other

15

20

N,N’-carbonylazoles- are also readily accessible from

the particular azole and phosgene.

Suitable activating agents for the carboxylic acid are
furthermore: derivatives of oxalic acid, such as, for
example, oxalyl chloride, (compare, for example, Brit-
ish Patent Specification No. 2,139,225) or N,N’-oxalyl-
diazoles, such as, for example, 1,1'-oxalyldi-imidazole,
1,1'-0oxalyldi-1,2,4-triazole and 1,1’-oxalyldi-1,2,3,4-tet-
razole (compare, for example, Shizuaka Murata, Bull.
Chem. Soc. Jap. 57, 3597-3598 (1984)); methylethyl-
- phosphinic acid anhydride (compare, for example, Ger-
man Offenlegungsschrift No. 3,101,427); disphosphorus
tetraiodide (Chem. Lett. 1983, 449); dialkyldisulphite
(Indian J Chem. 21, 259 (1982)); or other reactive
agents. |

The acylation of the compound of the formula Ia
with the acylating agent III is carried out in a suitable
solvent or dispersing agent or in an excess of the acylat-
ing agent, as already mentioned. Examples of suitable
solvents or dispersing agents are those which have been
described for carrying out the cyclization, and more-
over also, for example, pyridine and amides, such as, for
example, dimethylformamide. In addition to water,
polar organic solvents, such as dimethylformamide,
dimethylsulphoxide or pyridine are preferred for the
acylation. Solvent mixtures, such as, for example, a
mixture of water and methylene chloride, are also suit-
able.

The substituted 3-aminosydnonimines of the general
formula I form acid addition salts with inorganic or
organic acids. Inorganic or organic acids are suitable

25

30

R2 R3 avy

\ 7/
CHy—C
/ N\
A N—NH3
N\ /
CHy~C
/ \

‘wherein A, R2, R3, R4 and R5 have the meanings al-

ready given, by reaction with formaldehyde and hydro-
cyanic acid or sodium cyanide in a suitable solvent, for -
example water, a compound of the general formula V

R2 R3

AN /
- CH;—C
/ N\ |
A N—NH—CH>—CN
N\ /
CH;=—C
/ \

(V)

~ initially being formed and being converted into the
- compound II by nitrozation. The nitrozation is carried

35
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out in a known manner in a suitable solvent, preferably
in water, at temperatures of 0° to 10° C. The nitrous acid
is thereby usually generated from an alkali metal nitrite,
for example sodium nitrite, and hydrochloric acid. It is
advantageous to bring the aqueous solution of the com-
pound V to a pH of 1 to 3 with hydrochloric acid and
to add the alkali metal nitrite dropwise, in the form of an
aqueous solution, to the stirred and cooled solution of
the compound.

The solution of the compound I thereby obtained
can be subjected directly to the cyclization reaction.

* Usually, however, it is appropriate for the nitroso com-

30

for the formation of such acid addition salts. Examples

of suitable acids are hydrochloric acid, hydrobromic

acid, naphthalenedisulphonic acids, in particular naph-

thalene-1,5-disulphonic acid, and phosphoric, nitric,
- sulphuric, oxalic, lactic, tartaric, acetic, salicylic, ben-
zoic, formic, propionic, pivalic, diethylacetic, malonic,
succinic, pimelic, fumaric, maleic, malic, sulphamic,
 phenylpropionic, gluconic, ascorbic, isonicotinic, me-
thanesulphonic, p-toluenesulphonic, citric or adipic
acid. Pharmacologically acceptable acid addition salts
are preferred. The acid addition salts can be prepared in
the customary manner by combining the components,
advantageously in a suitable solvent or diluent.

The acid addition salts are usually obtained in the
synthesis of the compounds of the formula Ia. If desired,

the free compounds of the general formula I or Ia can be

obtained from the acid addition salts in a known man-

33
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pound II first to be taken up in a suitable organic solvent
and to carry out the cyclization to give the compound
of the formula Ia in this solvent, if appropnate after
addition of a further solvent.

The compounds of the general formula IV are known
in some cases or can be prepared from compounds of
the general formula VI

R? R3
\ /
CHy~C

/ \
A N—H(VI)

N\ /
CH;—C

/\

by a process in which either
(a) a compound of the formula V1 is nitrosated to give

" the N-nitroso compound VII and this i1s then reduced,

advantageously with lithiumaluminium hydride:
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R2 R3
N/
CHy=~C
/ \
V) —> A N—NO ~—> 5
AN / |
CH,—C
R“/ \RS
RZ R3
N/ 10
CH2—C
/ \
A N—NH>
\ /
CHy—C
R4/ ‘\R5 15

or in 2 manner which is known per se,

(b) a compound of the formula VI is converted into
the urea derivative VIII with potassium cyanate in an
acid medium, and this derivative is then converted into

the compound IV by oxidation with sodium hypochlo-

20

rite by Hoffmann degradation.
R2 R3 R2 R3 25
\ / N/
/CHz—C\ /CHZ—C\
KNCO
A N—H =>=——=>»A N—CO-—NH
\ / \ / ;
CHy—C CHy=C
R“/ \R5 R4/ \Rs 10
V1) (VIII)
R2 RS R? R? 35
N\ / N/
/CHz*—'C\ /CHZ—'C\
A N—CO=NH, NaQClLy, | N-—NH>
N\ \ /
CHy~C CHy=~C
R4/ \RS R4/ \RS 40
(VIID) (IV)

The preparation of the starting compounds of the 45
formulae IV and VI is known. Starting compounds of
the formula VI can be prepared, for example, from
compounds of the general ulae IX or X

R3=C—CH;—A—CH;—C=R* (x) 30

R3 RS
Rl—c|:=CH2—A—CH2==c-R4 (X)
R3 ;lls 23

- wherein R2 to R3 and A have the meanings already
given and which can be prepared by methods which are
known per se, by cyclization with ammonia. The reac-
tion with ammonia can be carried out at temperatures of 60
20° to 150° C., preferably at 60° to 100° C., with or
without a solvent. |

The preparation of the starting compound IV 1-
amino-2,2,6,6-tetramethylpiperidine is described, for
example, by J. R. Roberts and K. U. Ingold in J.A.C.S.
95 (1973), 3229 and by William D. Hinsberg III, Peter
G. Schultz and Peter B. Dervan in J.A.C.S. 104, (1982),
771, who also describe the preparation of the starting

65
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compound 1-amino-2,2,5,5-tetramethylpyrrolidine on
page 772. The preparation of the starting compound 1V
l-amino-1-aza-2,2,6,6-tetramethyl-4-thiacyclohexane

4,4-dioxide is described in Example -8 of DE-A-
2,351,865. 2,2,6,6-Tetraalkyl-substituted 1-aza-4-thiacy-
clohexane 4,4-dioxides are also described in DE-A-
2,351,865. The preparation of 3,3,5,5-tetraalkyl-sub-
stituted morpholines as starting compounds IV is de-
scribed by J. T. Lai in Synthesis (1984), 122-123. Other
starting compounds of the formulae IV and VI can be
prepared in accordance with instructions analogous to

those mentioned above.

The compound of the general formula I and their
pharmacologically acceptable acid addition salts have
useful pharmacological properties. Their effect on the
cardiovascular system 1is particularly pronounced.
Compared with known sydnonimine compounds substi-
tuted in the 3-position, for example those of EP-B-
39,356, and the commercially available structurally
similar compound molsidomine, they surprisingly have
a considerably longer duration of action. For example,
they reduce the blood-pressure as well as the pulmo-
nary arterial pressure and the left ventricular end-dias-
tolic pressure, and thus contribute towards relieving
cardiac activity in the sense of an antianginal action,
without thereby provoking reflectory tachycardia.

The compounds of the formula I and their pharmaco-
logically acceptable acid addition salts can therefore be
administered to humans as medicines by themselves, in
mixtures with one another or in the form of pharmaceu-
tical formulations which permit enteral or parenteral
use and contain, as the active constituent, an effective
dose of at least one compound of the formula I or of an
acid addition salt thereof, alongside customary pharma-
ceutically acceptable excipients and additives.

The medicines can be administered orally, for exam-
ple in the form of pills, tablets, lacquered tablets, coated
tablets, hard and soft gelatin capsules, solutions, syrups,
emulsions or suspensions or aerosol mixtures. However,
they can also be administered rectally, for example in
the form of suppositories, or parenterally, for example
in the form of injection solutions, or percutaneously, for
exampie in the form of ointments or tinctures.

Pharmaceutically inert inorganic or organic excipi-
ents can be used to prepare the pharmaceutical prepara-
tions. For example, lactose, maize starch or derivatives
thereof, talc, stearic acid or salts thereof and the like can
be used to prepare pills, tablets, coated tablets and hard
gelatin capsules. Excipients for soft gelatin capsules and
suppositories are, for example, fats, waxes, semi-solid
and liquid polyols, natural or hardened oils and the like.
Suitable excipients for the preparation of solutions and
syrups are, for example, water, sucrose, invert sugar,
glucose, polyols and the like. Suitable excipients for the
preparation of injection solutions are, for example, wa-
ter, alcohols, glycerol, polyols or vegetable oils.

The pharmaceutical preparations can also contain, in
addition to the active compounds and excipients, addi-
tives, such as, for example, fillers, extenders, disintegrat-
ing agents, binders, lubricants, wetting agents, stabiliz-
ers, emulsifying agents, preservatives, sweeteners, co-
louring agents, flavouring agents, aromatizing agents or
buffer substances, and furthermore solvents or solubiliz-
ing agents or agents for achieving a depot effect, as well
as salts for modifying the osmotic pressure, coating
agents or antioxidants. They can also contain two or
more compounds of the formula I or their pharmaco-



4,937,244

9
logically acceptable acid addition salts and furthermore
other therapeutically active substances.
Examples of such other therapeutically active sub-

" stances are: B-receptor blockers, such as, for example,

propranolol, pindolol and metoprolol; vasodilators, 2
such as, for example, carbochromene; tranquilizers,
such as, for example, barbituic acid derivatives, 1,4-ben-
zodiazepines and meprobamate; diuretics, such as, for
example, chlorothiazide; agents which tonic the heart,
such as, for example, digitalis preparations; antihyper-
tensive agents, such as, for example, hydralazine, dihy-
dralazine, prazosine, clonidine and Rauwolfia alkaloids;
agents which reduce the level of fatty acids in the
blood, such as, for example, benzafibrate and fenofi-
brate; and agents for the prophylaxis of thrombosis,
such as, for example, phenprocoumon. |

The compounds of the formuia I, their pharmacologi-
cally acceptable acid addition salts and pharmaceutical
preparations containing the compounds of the formula 1
or their pharmacolologically acceptable acid addition
salts as active compounds can be used on humans for
combating or preventing diseases of the cardiovascular
system, for example as antihypertensive medicines for
the various forms of high blood pressure, and for com-
bating or preventing angina pectoris and the like. The
 dosage can vary within wide limits and is to be adapted
to suit the individual circumstances in each particular
case. A daily dose of about 0.5 to 100 mg, preferably 1
to 20 mg per human individual is in general appropriate
for oral administration. Because of the good absorption
of the active compounds, the daily dose is also within
similar quantity ranges, that is to say in general also 0.5
to 100 mg/person, with other forms of administration.
The daily dose is usually divided into several, for exam-
ple 2 to 4, part administrations.

The pharmacological action of the compounds of the -
formula I has been determined by a modified method of-
Godfraind and Kaba (Arch. Int. Pharmacodyn. Ther.
196, (Suppl) 35 to 49, 1972) and of Schiiman et al (Nau-
nyn-Schmiedeberg’s Arch Pharmacol. 289 409 to 418,
1975). Unless, spiral strips of the arteria pulmonalis of
the guinea pig are depolarized with 40 mmol/1 of potas-
sium after equilibration in calcium-free tyrode solution.
Addition of 0.5 mmol/1 of CaCl, then initiates a con-
traction. The relaxing action of the test substance is
determined by cumulative addition in concentrations in
steps of 3 log 10. The concentration of test substance
~ which inhibits the contraction by 50% (=ICso, mol/1)
is determined from the concentration/effects curve
(abscissa: —log mol/l of test substance, ordinate: %
‘inhibition of the maximum concentration, mean value of
4 to 6 sirips of vessel). The ICsg values thus obtained are
shown in the following table. As the comparison with 55
the ICso value of 3X10—4 for the known compound
molsidomine (N -ethoxycarbonyl-3-morpholinosydnoni- |
mine), compare No. DE-B-1,695,897, shows, the values
for the compounds of the formula I are considerably
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ICs values in mol/l1 ICso
a 3-(2,2,6,6-Tetramethylpiperidino)- 3 X 1077
sydnonimine hydrochlonde 65
b 3-(2,2,6,6-Tetramethyl-4-isopropyl- 3 x 10—©
piperazin-1-yl)sydnonimine dihydrochlonde
¢ 3-(3,3,5,5-Tetramethylmorpholino)- 1% 10—4

sydnonimine hydrochloride

10

-continued

ICso
3 % 104

ICsp values in mol/]

d N-Ethaxycarbonyl-SQmorpholinosydnonimine

a to ¢: compounds according to the invention
d: comparison compound molsidomine

EXAMPLE 1

3-(2,2,6,6-Tetramethylpiperidino)sydnonimine
hydrochloride

(a) N-(2,2,6,6-Tetramethylpiperidino)aminoacetonitrile

A solution of 8.7 g of potassium cyanide in 20 ml of
water is added to an ice-cooled mixture of 17.5 g of
1-amino-2,2,6,6-tetramethylpiperidine, 11 g of concen-
trated hydrochloric acid and 50 ml of water, and the pH
is brought to 6.5 with hydrochloric acid. 9.5 g of a 39%
aqueous formaldehyde solution are then added and the
reaction mixture is stirred at 0° C. for 3 hours and at
room temperature for a further 3 hours. The product is
extracted with ethyl acetate and the ethyl acetate phase
is washed with dilute glacial acetic acid and dried over
sodium sulphate. After concentration, a slightly crystal-
line residue of 10.7 g of N-(2,2,6,6-tetramethyl-
piperidino)aminoacetonitrile remains and is further pro-
cessed without additional puriﬁcation,

(b) 3-(2,2,6 &Teuamethylplpendmo)sydnommme
hydrochloride

A solution of 4.2 g of sodium nitrite in 10 ml of water
is added dropwise to a mixture of 10.7 g of the com-
pound described above under (a), 50 ml of water, 50 ml
of ethyl acetate and 6 g of concentrated hydrochioric
acid, and after the mixture has been stirred at room
temperature for 5 hours the organic phase is separated

40 off, diluted with 15 ml of methano! and stirred in an

ice-bath. After excess hydrogen chloride has been
passed in, the mixture is subsequently stirred at room
temperature for 15 hours and concentrated in a water
pump vacuum. The residue crystallizes when stirred
with deithyl ether. It is filtered off with suction and
washed with ethyl acetate.

Yield: 8.6 g of 3-(2,2,6,6-tetramethylpiperidino)syd-
nonimine hydrochloride of melting point: 170° C. (de-
composition). -

EXAMPLE 2

3 (2 2,6,6-Tetramethylpiperidino)-N-ethoxycarbonyl
sydnonimine

3.5 g of sodium bicarbonate are added to an ice-
cooled solution of 5 g of 3-(2,2,6,6-tetramethyl-
piperidino)sydnonimine hydrochloride according to
Example 1 b) in 20 mil of water, a solution of 2.5 g of
ethyl chloroformate in 20 ml of methylene chloride is
then added and the mixture is stirred at room tempera-
ture for 4 hours. The organic phase is separated off,
dried and concentrated. The residue is triturated w1th
petroleum ether and filtered off with suction.

Yield: 4.2 g of 3-(2,2,6,6-tetramethylpiperidino)-N-
ethoxycarbonylsydnonimine of melting point 74 to 75°
C. | |
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EXAMPLE 3 EXAMPLE 4
3+(3,3,5,5-Tetramethylmorpholino)sydnonimine 3-(2,2,6,6-Tetramethyl-4-isopropylpiperazin-1-yl)syd-
- hydrochloride | nonimine dihydrochloride

(a) 4-Nitroso-3,3,5,5-tetramethylmorpholine

15.6 g of sodium nitrite are added to a solution of 27
g of 3,3,5,5-tetramethylmorpholine hydrochloride (pre-
pared in accordance with Synthesis (1984), 122) in 80 ml
of water and the mixture is heated at 80° C. for 3 hours.
After cooling, the nitroso compound is extracted with
diethyl ether. After drying and concentration of the
ether phase, 22.2 g of the compound crystallize out.
Melting point: 47° C.

(b) 4Amino-3,3,5,5-tetramethylmorpholine

About 20% of a solution of 5 g of lithium alanate in 50
mi of tetrahydrofuran is added dropwise to a heated

solution of 17.2 g of 4-nitroso-3,3,5,5-tetramethylmor- -

pholine in 50 ml of tetrahydrofuran and 100 ml of dibu-
tyl ether. The tetrahydrofuran is distilled off and the
internal temperature is increased to 99° C. The remain-
der of the lithium alanate solution is then added drop-
wise and the mixture is kept at 70° C. for a further hour.
After the mixture has been cooled in an ice-bath, 10 ml
of water and 10 ml of 15% strength sodium hydroxide
solution are carefully added. After filtration with suc-
tion, the filtrate is extracted by shaking first with water
and then with 100 ml of IN hydrochloric acid. The

aqueous HCI phase is then extracted by shaking once
more with diethyl ether and used in the next stage.

(c)
N-(3,3,5,5-Tetramethylmorpholino)aminoacetonitrile

A solution of 8.7 g of potassium cyanide in 20 ml of
water is added to the HCI phase from the preceding
stage and the pH is brought to 6.5 with hydrochloric
acid. 9.5 g of a 39% strength aqueous formaldehyde
solution are then added and the reaction mixture is
stirred at 0° C. for 3 hours and at room temperature for
a further 3 hours. The product is extracted with ethyl
acetate and the ethyl acetate phase is washed with dilute
glacial acetic acid and dried over sodium sulphate.
After concentration, a partly crystalline residue of N-
(3,3,5,5-tetramethylmorpholino)aminoacetonitrile  re-
mains and 1s further processed without additional purifi-
cation.

(d) 3-(3,3,5,5-Tetramethylmorpholino)sydnonimine
hydrochloride

A solution of 4.2 g of sodium nitrite in 10 ml of water
1s added dropwise to a mixture of the compound de-
scribed above under (c), 50 ml of water, 50 m! of ethyl
acetate and 6 g of concentrated hydrochloric acid and,
after stirring at room temperature for 5 hours, the or-
ganic phase is separated off, diluted with 15 ml of meth-
anol and stirred in an ice-bath. After excess hydrogen
chloride has been passed in, the mixture is subsequently
stirred at room temperature for 15 hours and concen-
trated 1n a water pump vacuum. The residue crystallizes
when stirred with diethyl ether. It is filtered off with
suction and washed with ethyl acetate.

Yield: 3.9 g of 3-(3,3,5,5-tetramethylmorpholino)syd-
nonimine hydrochloride of melting point: 132-133° C.
(decomposition).
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(a) 1-Nitroso-2,2,6,6-tetramethyl-4-isopropylpiperazine

15.6 g of l-isopropyl-3,3,5,5-tetramethylpiperazine
are reacted analogously to the instructions of Example
Ja. Working up with 14 8 g of an oil.

(b) 1-Amino-2,2,6,6-tetramethyl-4-isopropylpiperazine

The 1-nitroso-2,2,6,6-tetramethyl-4-isopropylpipera-
zine obtained in the preceding stage is reacted analo-
gously to 3b. The resuiting aqueous HCI phase is used in
the next stage. |

(c)
N-(2,2,6,6-Tetramethyl-4-isopropylpiperazin-1-
yl)aminoacetonitrile

The aqueous HCI phase from the preceding stage is
further processed analogously to Example 3c and the
product thereby obtained is used in the following stage.

(d)
3+2,2,6,6-Tetramethyl-4-isopropylpiperazin-1-yl)syd-
nonimine dihydrochloride

The product obtained in the preceding stage is fur-

‘ther processed analogously to Example 3(d).

Yield: 4.6 g of 3-(2,2,6,6-tetramethyl-4-isopropyl-
piperazino)sydnonimine dihydrochloride of melting
point 142° C. (decomposition).

(e) 1-Isopropyl-3,3,3,5-tetramethylpiperazine

The 1l-isopropyl-3,3,5,5-tetramethylpiperazine re-
quired as the starting substance in stage (a) can be pre-
pared as follows:

3.9 g (0.103 -mol) of lithiumaluminium hydride are
introduced into 100 ml of anhydrous tetrahydrofuran
under a nitrogen atmosphere, while stirring and cool-
ing. A solution of 19.8 g (0.1 mol) of 1-isopropyl-3,3,5,5-
tetramethyl-2-piperazinone (obtainable, for example, in
accordance with Synthesis 1981, page 40, or J. Organ.
Chem., 45 (1980), 754-59) in 75 ml of anhydrous tetra-
hydrofuran is added dropwise at room temperature,
whereupon the reaction temperature rises to 6020 C.
The mixture is then stirred overnight at room tempera-
ture. After dropwise addition of about 10 ml of water,
the mixture is subsequently stirred for 2 hours and the
precipitate is then filtered off with suction. The filtrate
1s dried over potassium carbonate and concentrated in
vacuo and the crude product which remains as a colour-
less ol 1s further processed without additional purifica-

tion.

Yield: 16 g; np?31 4497.
The other starting substances required can also be
prepared analogously.

EXAMPLE 5

3-(3,3,5,5-Tetramethyl-1,4-thiazin-(1,1-dioxide)-4-
yl)sydnonimine hydrochloride

The compound is prepared analogously to Example 3
starting from 18 g of 4-amino-3,3,5,5-tetramethyl-1,4-
thiazin1,1-dioxide (prepared according to Example 8 of
DE-A-2,351,865).

Yield: 6.2 g of 3-(3,3,5,5-tetramethyl-1,4-thiazin-1,1-
dioxide-4yl)sydnonimine hydrochloride of melting
point 177° C. (decomposition).
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EXAMPLE 6
3-(2, 2 6 6—Totramethyl-4-1sopropylp1perazm- -yDsyd- per capsule
nonimine hydrochlonde | ‘;:atglz:tl:dpot:lﬁyoendo mnﬁurc fromlcoconut oil | 15(5]‘ 23 -
The compound is prepared analogously to Example 4 ° Capsule contents 155 mg

Melting point: 110°~112° C. (decomposition).

EXAMPLE 7

3-(2,2,6,6-Tetramethyl-4-(2-hydroxy-1,1-dimethyle- .
thyl)piperazin-1-yl)sydnonimine hydrochloride

The compound is prepared analogously to Example

4,
Melting point: 124°-126° C. (decomposition).

EXAMPLE 8

3-(2,2, 6,6—Tctrmnethyl-4—benzylpiperazin— 1-yDsydnoni-
mine hydrochloride

The compound is prepared analogously to Example

4. _
Melting point: 156°-158° C. (decomposition). -

EXAMPLE 9

3-(2,2,6,6-Tetramethyl-4-isopropylpiperazin-1-yl)-N-
| ethoxycarbonylsydnonimine

The compound is prepared analogously to Example
2.

Melting point: 98°-99° C. (decomposition).

3,3,5,5-Tetraalkyl-substituted piperazines can be pre-
pared, for example, by the process described in example
4e.

EXAMPLE 10

3-(2 2,6 6-Tetramethy1—4—1sopropylplperzm-l-yl)-N-
acetylsydnonimine

The compound is prepared analogously to Example
2.
Melting point: 121°-123° C. (decomposition).

" EXAMPLE 11

3-(2,2,6,6-Tetramethyl-4-isopropylpiperazin-1-y1)-N-
benzoylsydnonimine

The compound is prepared analogously to Example
2.

Melting point: 133°~135° C. (decomposition).
EXAMPLE 12

3-(2,2,6,6-Tetramethylpiperidino)-N-cyclohexylcar-
| bonylsydnonimine

The compound is prepared analogously to Example
2. |
Melting point: 107°-108° C. (decomposition).

EXAMPLE 13

3-(3,3,5 5-TctramethyImorphohno)-N-lsobutyrylsyd-
nonimine

The compound is prepared analogously to Example-

2. |
Melting point: 88°-89° C. (decomposition).
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Pharmaceutical preparations are descnbed in the

following examples A to E.

EXAMPLE A

Soft gelatin capsules containing 5 mg of active com-
pound per capsule.

65

EXAMPLE B

Injection solutlon containing 1 mg of active com-
pound per mi:

Ly

per ml
Active compound 1.0 mg
Polyethylene glycol 400 0.3 mi
Sodium chloride 2.7 mg
Water for injection purposes to 1 mil

EXAMPLE C
Emulsion containing 3 mg of active compound per 5
ml
per 100 mi
ot emulsion
Active compound 0.06 g
Neutral oil q.s.
Sodium carboxymethylcellulose 0.6 g
Polyoxyethylene stearate q.s.
Glycerol, pure 0.2tc20g
Flavour substance q.s.
Water (demineralized or distilled) to 100 mi

- EXAMPLE D

Rectal drug form containing 4 mg of active com- -
pound per suppository - - -

per suppository
Active compound 4 mg
Suppository base mass to 2 g

EXAMPLE E

Tablets containing 2 mg of active compound per
tablet |

per tablet
Active compound 2 mg
Lactate (finely ground) | 2 mg
Maize starch (white) 150 mg
Lactose 60 mg
Microcrystalline cellulose 50 mg
Polyvinylpyrrolidone 20 mg
Magnesium stearate 2 mg
Sodium carboxymethyl starch 25 mg

31l mg

While there has been described herein what are at pres-
ent considered to be the preferred embodiments of the
present invention, it will be obvious to those skilled in
the art that various changes and modifications may be
made without departing from the invention, and it is,
therefore, aimed in the appended claims to cover all
such changes and modifications as fall within the true

. spirit and scope of the invention.

We claim:
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1. A substituted 3-aminosydnonimine of the formula I

RZ R (i)
\ /
CHy—C
/ \
A N—N CH
AN /7 + |
CH—C N C=N-—~R!
/7. '\ N/
R4 R’ O

or a pharmaceutically acceptable acid addition salt
thereof, wherein

A denotes the radical —CHy—, —O—S(O)y—,
—N(R®%— or a direct bond,

R! denotes hydrogen or the radical —COR:

R2, R3, R4, and RS5 denote identical or different Ci4
alkyl;

n denotes a number 0, 1 or 2:

R denotes alkyl with 1 to 4 C atoms; hydroxyalkyl
with 2 to 4 C atoms; or phenylalkyl with 1 to 4 C
atoms in the alkyl radical,

R7 denotes C.4 alkyl which can also be substituted by
alkoxy with 1 to 3 C atoms; Cs.7 cycloalkyl; pinan-
3-yl; adamantyl; an alkoxy radical with 1 to 6 C
atoms; phenoxy; a-naphthoxy; B-naphthoxy; an
alkoxycarbonyl radical with a total of 2 to 7 C
atoms; phenyl; a-naphthyl; 8-naphthyl; phenyl or
a- or S-naphthyl mono-, di- or trisubstituted by 1 to
3 halogen atoms and/or 1 to 3 alkyl radicals with 1
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16
to 3 C atoms and/or 1 to 3 alkoxy radicals with 1 to
3 C atoms and/or 1 to 2 nitro groups; |
2. Substituted 3-aminosyldnonimines according to
claim 1, characterized in that R!'denotes hydrogen. -
3. Substituted 3-aminosydnonimines according to

claim 1, characterized in that R2, R3, R4and R? denote
methyl.

4. Substituted 3-aminosydnonimines according to
claam 1, characterized in that A denotes ~~CH,—,
—QO— or —N(R%)—.

5. 3-(2,2,6,6-Tetrtamethylpiperidino)sydnonimine or
its pharmacologically acceptable acid addition salt.

6. 3-(2,2,6,6-Tetramethyl-4-isopropylpiperazin-1-
yl)sydnonimine or its pharmaceutically acceptable acid
addition salt. |

1. Pharmaceutical preparation for combating or pre-
venting high blood pressure and/or angina pectoris,
characterized in that it contains an effective amount of
a compound of claim 1 or a pharmaceutically accept-
able acid addition salt thereof as the active compound,
together with pharmaceutically acceptable excipients:
and additives and, optionally, one or more other phar-
maceutically active compounds.

8. A method for treating angina pectoris and/or high
blood pressure which comprises administering an effec-
tive dose of a pharmaceutical preparation according to
claim 1 to a host afflicted with or subject to one or more
of such conditions.

9. 3-(2,2,6,6-tetramethyl-4-isopropylpiperazine-1-
yl)sydnonimine dihydrochloride.

*

T % * =
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